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Abstract 

We propose an extension of the hypothesis of Minimal Flavour Violation 
(MFV) to general multi-Higgs Models without the assumption of Natural Flavour 
Conservation in the Higgs sector. We study in detail under what conditions 
the neutral Higgs couplings are only functions of Vckm and propose a MFV 
expansion for the neutral Higgs couplings to fermions. 
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1 Introduction 



The Standard Model (SM) of the electroweak and strong interactions has had an 
impressive success in accounting for most of the presently available experimental data. 
The discovery of non- vanishing neutrino masses provided a notable exception [1], 
pointing towards New Physics (NP), since in the SM neutrinos are strictly massless. 

In spite of its great success, there is a general consensus that the SM including its 
simple extension incorporating neutrino masses, cannot be the "final theory". One 
of the reasons for this, has to do with the large number of free parameters, most of 
them arising from the flavour sector of the SM. This proliferation of free parameters 
reflects the fact that the flavour structure of Yukawa couplings is not constrained by 
gauge invariance. In the SM, flavour changing neutral currents (FCNC) are forbid- 
den at tree level both in the gauge and the Higgs sectors. From the early stages of 
gauge theories, some principles of flavour conservation by neutral currents have been 
introduced both in the gauge sector through a generalization of the GIM mechanism 
[2], as well as in the scalar sector through the principle of Natural Flavour Conser- 
vation (NFC) proposed by Glashow and Weinberg [3]. It is interesting to note that 
one may have non-zero but naturally suppressed FCNC in the gauge sector in models 
where vector-like quarks [1] [S], [S] are added to the SM. In this case, gauge medi- 
ated FCNC arise at tree level, suppressed by the small ratio m? /M"^ where m and M 
denote standard quark masses and vector-like quark masses, respectively. Vector-hke 
quarks arise in various extensions of the SM, including Eq grand-unified theories and 
extra-dimension models. Other motivations for considering vector-like quarks include 
the possibihty of finding a solution to the strong CP problem [7j, [5] and accounting 
for [6] the potentially large CP asymmetry recently observed in Bg — »• J/'^(j) decays 
[8], [9]. Recently, a different possibility was considered [10] to avoid tree-level FCNC 
processes in the framework of two Higgs doublet models, allowing for new sources of 
CP violation. 

All the flavour changing transitions in the SM are mediated by charged weak cur- 
rents with the flavour mixing controlled by the Cabibbo-Kobayashi-Maskawa (CKM) 
matrix, Vckm P^- Any extension of the SM which attempts at solving the flavour 
puzzle has to confront the strict limits on FCNC processes as well as limits on CP 
violating transitions leading, for example, to electric dipole moments of quarks and 
leptons fn\ . 

In the scalar sector, it has been considered the possibility of allowing for deviations 
of strict NFC by invoking the presence of suppression factors [13] [H] involving small 
off-diagonal elements of the quark mixing matrix Vckm- The first models of this type 
were proposed by Branco, Grimus and Lavoura (BGL) [15] who have shown that 
there are extensions of the SM with two Higgs doublets and an additional discrete 
symmetry, where there are FCNC at tree level, with couplings entirely determined in 
terms of the CKM matrix elements, with no other free parameters. In some variants 
of these models [I5] the Higgs particles can be relatively light, without entering in 



conflict with the stringent hmits on FCNC processes. 

The success of the SM and its CKM mechanism of mixing and CP violation shows 
that if there are New Physics contributions to flavour changing interactions at the 
Tev scale its couplings should occur at a much higher scale or else should be strongly 
non-generic. This is natural and in a certain sense to be expected if one takes into 
account that flavour changing transitions in the SM have a special flavour structure, 
not predicted within its framework. For example, in the SM there is no explanation 
for the pattern of flavour mixings and in particular why {Vckm)i2 ~ (f^d/'i^sY^'^ 
while {Vc km) 23 {rris/mb). 

One of the suggestions for the flavour structure of New Physics is the proposal 
of Minimal Flavour Violation (MFV) [16] , [17] where all new flavour changing tran- 
sitions are controlled by the CKM matrix. The gauge sector of the Standard Model 
(SM) with three generations of quarks and leptons has a large Gp = U{3)^ flavour 
symmetry which is only broken by Yukawa couplings. One may formally recover [T7] 
this flavour symmetry by promoting Yukawa couplings to auxiliary fields Y, trans- 
forming under Gp in such a way that Yukawa interactions become Gp invariant. 
Then an effective theory arising from New Physics is of MFV type if all higher order 
operators, constructed from SM fields and Y fields are formally invariant under Gp. 
This hypothesis, together with the realization that in the SM Yukawa couplings for 
all fermions, except the top, are small, leads to specific predictions [T8] . 

If one regards the SM as an effective theory, valid up to some energy scale A, then 
in order to have a solution of the hierarchy problem, one expects the scale A of New 
Physics to be of the order of a few TeV. The above considerations have motivated 
the idea of Minimal Flavour Violation (MFV) both in the quark [17] and lepton 
sectors [H], [20] ■ The MFV hypothesis requires that all flavour and CP violating 
interactions be related to the structure of Yukawa couplings and controlled by Vckm- 

The MFV idea has been applied to two Higgs doublet extensions of the SM where 
there is Natural Flavour Conservation (NFC) in the Higgs sector at tree level, as it is 
the case in the minimal supersymmetric extension of the Standard Model (MSSM). 

In this paper we examine how to extend the ideia of Minimal Flavour Violation 
to the scalar sector with two and three Higgs doublets, without the assumption of 
Natural Flavour Conservation in the Higgs sector. This paper is organized as follows: 
in section 2 we recall the important requirement of rephasing invariance, and in section 
3 we analyse in detail how the requirement of MFV can be fulfilled in the context 
of an extension of the SM where two Higgs doublets are introduced. In section 4 
we propose a general MFV expansion of the neutral Higgs couplings to quarks and 
we stress the important role of discrete symmetries in fixing the parameters of this 
expansion. The case of three Higgs doublets in the context of MFV is analysed in 
section 5 and our conclusions are presented in the last section. 



2 The Requirement of Rephasing Invariance 



As we have seen, the definition of MFV includes the requirement that all fiavour 
transitions are controlled by the CKM matrix. Let us consider a FCNC transition 
connecting, for definiteness, a Q = —1/3 quark dj to a different quark of the same 
charge dk- The transition could be mediated by a scalar or a vector boson: 

^scalar = d^j T'^ djik S (1) 
^vector = dij jk Ifi dik (2) 

Note that the couplings F'^, F^ may arise at tree level or in higher orders. Let us 
assume that the quark mass matrices have been diagonalized, so that dj denote quark 
mass eigenstates. Under rephasing of the quark fields: 

dj d'j = exp {—i(3j) dj (3) 

the couplings jk and jk have to transform in such a way that the interactions of 
Eqs. ([2]) and ([2]) remain rephasing invariant. This implies that under rephasing 

Tifc ^'jk = exp [i{f3k - (3j)] Tjk (4) 

The fact that in MFV theories, the fiavour dependence of Tjk is completely controlled 
by the CKM matrix, severely restricts the functional dependence of Tjk on Vckm- 
The simplest forms allowed by rephasing invariance are: 

r,fc = EcaK.,^4 (5) 

a 

where Ca are rephasing invariant coefficients. In the sequel, we shall see that the 
simplest two Higgs doublet (2HD) models which conform to the MFV requirement 
do have FCNC couplings with such functional dependence on Vckm- 



3 The case of Two Higgs Doublets 

In this section, we analyse in detail how the requirement of MFV can be fulfilled in 
the context of an extension of the SM, where two Higgs doublets are introduced. In 
order to fix our notation, we explicitly write the Yukawa interactions: 

Ly = -Ql Fi$i4 - Ql F2$24 - Ql ^i^iA - Ql A2^2ul + h. c. (6) 

where Fj and Aj denote the Yukawa couplings of the lefthanded quark doublets Ql to 
the righthanded quarks d% u^j and the Higgs doublets $j. The quark mass matrices 
generated after spontaneous gauge symmetry breaking are given by: 

Md = ^(^iri + v^e^'T^), M„ = ^(^lAi + t^se'^^As), (7) 



where fj = | < O|0°|O > | and a denotes the relative phase of the vacuum expectation 
values (vevs) of the neutral components of $i. The matrices Md-, M„ are diagonalized 
by the usual bi-unitary transformations: 

Ul^MdUdR = Dd = diag (rrid, rus, rub) (8) 
UIlMJJuR = Du = diag {rriu, rric, nit) (9) 

In terms of the quark mass eigenstates m, d, the Yukawa couplings are: 

Ly = u(VNdin + NlV^L)d + h.c. (uD^u + dDdd)- 

R - 

'u{Nu-iR + Nl-iL)u + d{Nd-iR + Nl-iL) d] + (10) 



V 

I 

+ l- 

V 



u{NuiR - Nl-fL)u - d{NdiR - N\-iL) d 



where v = \Jvi + V2 = {V2Gf) ^^"^ ~ 246 GeV, Gp is the Fermi coupling constant, 
7l = (1 — 75)72, 7ii; = (1 + 75)72, V stands for the Vckm matrix and R are 
orthogonal combinations of the fields pj, arising when one expands [21] the neutral 

scalar fields around their vevs, 0° = ^/^-('i^j + Pj + Similarly, / denotes the hnear 
combination of rij orthogonal to the neutral Goldstone boson. The physical neutral 
Higgs fields are combinations of R and J. 

The Flavour Changing Neutral Yukawa Couplings (FCNYC) are controlled by the 
matrices iV^, A''^, given by: 

iVd = (^2ri - v^e'^Y^) UdR, (11) 

Nu = ■^uIl{v2^i - t^ie-*"A2) U^R (12) 

For generic two Higgs doublet models, the coupling matrices Nd-, Nu are non-diagonal 
and arbitrary. We are interested in analysing under what circunstances the flavour 
structure of A^^, is entirely controlled by the CKM matrix, as required by the 
MFV paradigm. 

For definiteness, let us consider Nd-, which can be written [22] from Eqs.d?]), ©and 

iV.= Hiz,,-J|(l^ + Hl)c/t,e"r.C/.« (13) 

fi v2 \vi V2J 

From Eq. (fT3ll . one sees that there are two obstacles which one has to surmount in 
order to have A^^^ entirely controlled by Vckm'- 



(i) It is UdL rather than the combination Ul^Udi corresponding to Vckm that 
appears in Nd given by Eq. f|T3|) 



(ii) How to get rid of the dependence on f/d_R? 



The first difficuhy can be solved by means of a flavour symmetry constraining Uul 
to have mixing only among two generations, for example: 



U.. 



uL 



X X 
X X 
1 



(14) 



In this case one has: 

{Vckm)^, = {Udih (15) 

In order to surmount obstacle (i) one has to further require that the above symmetry 
should also impose that the dependence of the second term of Eq. (fT3|) on UdL be 
only on elements of its third row, {Udhjzj- We now turn to question (ii) namely, how 
to avoid the dependence on UdR- Let us assume that the flavour structures o is 
such that: 

oc PMd (16) 

Where P is a fixed matrix. In this case: 



uIlT2 UdR OC U^^PMd UdR oc U\lP UdiDd 



(17) 



thus answering question (ii). 

Let us now see what should be the flavour structure of Fi, r2 so that a fixed 
matrix P exists, statisfying Eq. (fT6l) . One way of achieving this is by having 



PFi = 



(18) 
(19) 



where /c is a constant. 

Branco, Grimus and Lavoura have shown [L5\ that it is possible to find a symmetry 
which, when imposed to a two Higgs doublet extension of the SM, leads to a structure 
for Fj and Aj such that there are scalar FCNC at tree level, with strength completely 
controlled by Vckai- BGL have imposed the following symmetry 5* on the Lagrangian: 



Q 





L3 



exp (ia) Q^3, 



M?j3 exp {i2a)vP^^, $2 exp {10)^2 (20) 



where a 7^ 0, tt, with all other fields transforming trivially under S. The most general 
Yukawa couplings consistent with this symmetry have the following structure: 
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where x denotes an arbitrary entry while the zeros are imposed by the symmetry S. 

It is clear that these Yukawa couplings guarantee that Eqs. (JHj) and f|T5|) are 
satisfied. They also satisfy Eqs. ( fT6l) . ( fTSi) . ( fT9|) with 



P 





1 



^e'"T2 = PM^; k = 1 (23) 



It follows then that the Yukawa couplings of Eqs. ( 12T1) and ( l22l) lead to FCNC at tree 
level, entirely determined by Vckm- Notice that in this example there are no Higgs 
mediated FCNC in the up sector, which is due to the fact that the Aj matrices are 
block diagonal with each one of these matrices having non-zero entries in different 
blocks. This also automatically leads to a matrix Uul which is block diagonal and 
therefore of the form given by Eq. (fT4l) . The structure of zeros in the matrix r2 leads 
to the important relation: 

{Ul^r,) = (f/ij.3(r2)3. = iV^KMU^2)3j (24) 

this result together with Eqs. ([I6l),([l8]), ([I9l) and ([T3]) leads to Na given by [15] 

(AT,),, = ^{D,),, - + ^) (V^KMhiVcKMhiDdh (25) 

whereas 

Nu = diag (0, 0, H diag (m„, rric, 0) (26) 

In this example, the Higgs mediated FCNC are suppressed by the third row of the 
matrix Vckm and have the structure of Eq. ([5]) A crucial feature in this example is 
the fact that each row of only receives contribution from a single Higgs field and 
the same applies to M„. 

The example given above corresponds to a class of six different models, as was 
emphasized in [15] . Three of these models have FCNC only in the down sector, and 
are obtained from the three different projection matrices of a form similar to P in 
Eq. (|23|) . the other two cases with the diagonal entry in the other two possible entries. 
In these additional cases the suppression in the Higgs mediated FCNC is not as large 
as that of the example given above. Another three models are obtained by exchanging 
the the patterns of zeros of Fj matrices with Aj matrices, leading to FCNC in the up 
sector, and flavour conservation in the down sector. 



4 MFV Expansion of Yukawa Couplings 

The neutral Higgs interactions, beyond those present in the SM, i.e., couplings to R 
and /, are those that may introduce Higgs mediated FCNC and are given by Eqs. (fT2|) . 



where Nd and are written in the quark mass eigenstate basis. In a weak basis 
these couphngs are: 

iV° = UdL Nd f/]^ = {V2T^ - v^e^'^T^), (27) 

K = UuL iVn Ul^ = i= {v^A, - v.e'^A^) (28) 

All other couplings involving neutral scalars are flavour conserving, therefore they 
are not relevant for our analysis. The question that we address in this section is how 
to flnd a general expansion of A^°, A^^ which conforms to the MFV requirements. It 
is clear that a necessary condition for N^, to be of the MFV type is that they 
should be functions of M^, and no other flavour dependent couplings. The terms 
entering in the expansion of A*"^, A^ should have the right transformation properties 
under weak basis (WB) transformations, deflned by: 

QI^WlQI d'^^WU% <^W}^u% (29) 

Under a WB transformation deflned by Eq. (1291) . the quark mass matrices M^, M„ 
transform as: 

Md ^ Wl Md W^; Mu Wl M„ (30) 

The matrices UdL, UdR, UuL, UuR deflned in Eqs. ([H]), (EI) transform under a WB 
transformation in the following way: 

UdL ^Wl UdL] UuL-^WIUuL; UdR^W^^UdR] UuR -^Wl^ UuR (31) 

The Hermitian matrices Hd, Hu with Hd^u = (^d,M)(^i«) transform under a WB 
transformation as: 

Hd ^ wl Hd Wl-^ Hu ^ wl Wl (32) 
From Eqs. ([8]), ([9]) it follows that: 

Ul^ HdUdL = Dl (33) 

with analogous expression for Hu- It is convenient to write Hd, Hu in terms of 
projection operators [23] : 

i 

where: 

Pf"^ = UdLml^ (35) 

with 

{Pi)jk = SijSik (36) 

Obviously, analogous expressions hold for It is clear that under a WB transfor- 
mation, A^^, transform as Md, Mu- A MFV expansion for A^^, with proper 



transformation properties under a WB transformation can then be built with terms 
proportional to (M^) respectively, as well as products of terms transforming as 
Hd and Hu multiplying Md (M„) respectively: 



which conforms explicitly to the MFV requirement. Terms of the form UdhPiUdL Md 
and UuiPiUuL do not lead to Higgs mediated FCNC, whereas terms of the form 
UulPzUIl Md and UdLPiUl^ M„ do lead to FCNC. At this stage the lambda and 
tau coefficients of these expansions appear as free parameters. This was to be ex- 
pected, since the expansions of Eqs. ( l39l) . ( HOj) . conform to the MFV requirement but 
have no further restriction. In theories where the MFV requirement results from the 
imposition of a symmetry on the Lagrangian, the coefficients lambda and tau are 
constrained. 

Comparing Eqs. (!25|) and (!26|) to Eqs. (!39l) and (l40l) one realizes that the BGL 
example presented in the previous section corresponds to the following truncation of 
our MFV expansion: 



N'd = Ai M, + A2. UdLP^UlL Md + A3. UuLP^UlL Md + ... 
= Ti M„ + U^LP^UlL Mu + Ta, UdLPiU^^ M^ + ... 



(37) 
(38) 



In the quark mass eigenstate basis A'^^, become: 



Nd = \iDd + \2i Pi Dd + Asi {VckmV Pi VcKM Dd + ... 
Nu = ri Du + T2i Pi Du + VcKM Pi {Vckm)'^ Du + ... 



(39) 
(40) 




(41) 



(42) 



This result, together with equations: 




(43) 



(44) 



implies that the BGL model is fully defined in a covariant way under WB transfor- 
mations by: 



^e^^r^ = U^lP.uIl Md (45) 
^e-*"A2 = UulP^uIl M„ (46) 



The factors multiplying r2 and A2 coincide with the coefficients for these matrices 
in the expressions of and M^- Replacing in these equations the mass matrices 
written in terms of the Yukawa couplings one obtains: 

UulP:^uIlT2 = Ts; UulPMl^i = (47) 
UulP,uIl^2 = A2; UulPsUIl^i = (48) 

These relations are the generalization to an arbitrary basis of the relations satisfied 
by the BGL model, namely Pgla = Tg, P3T1 = 0, P3A2 = A2 and P3A1 = which 
result from the imposed symmetry. Now, we show, that in fact, in this case there is 
a WB where the matrices Fi, r2, Ai and A2 have the forms given by Eqs. ( 12T|) and 
( 122|) . Starting from a WB where M„ is real and diagonal, and therefore Uul = 1, 
we may perform a WB transformation by choosing Wl and W]^ block diagonal with 
mixing in the (12) block only. As a result, the matrix Mu will also be block diagonal, 
in this WB. Eq. (1451) becomes: 

^e^°r2 = 1^1(12) P3Wl{12) M, = P3 M, (49) 

which is exactly the form of r2 given by Eq. fl2T]) . The condition P3 Fi = also leads 
to the El of Eq. ([21]). For A2 we have: 

^e-^°A2 = Wl{12) PsWl{12) M„ = P3 M„ (50) 

In this case, the projector P3 picks the diagonal (33) entry of M„, which together with 
P3 Ai = leads to the matrix forms of Eq. (!22|) . The two other models of the same 
class, with FCNC in the down sector are obtained by taking the two other projectors. 
Pi and P2, in each case. The three other cases with FCNC in the up sector only, 
correspond to: 



iV° = ^M,-p + ^ U,LP^Ul^M, (51) 
iVO = ^ M^-(^ + ^) U,LP^Ul^ (52) 



with i = 1,2,3 respectively. The special feature of these six different models is the 
fact that there are WB's where the F and the A matrices have sectors with zero 
textures that do not mix with each other and, as BGL have shown, these models can 
be implemented by S-type symmetries. 

It is also possible to build simple models of MFV type with Higgs mediated FCNC 
in both sectors, like the one defined by the following equations: 

UulP^uIl Md (53) 

UdLP^UlL M„ (54) 
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It is also possible to have MFV models beyond standard NFC [3] but without FCNC, 
like 



iV° = M, - (JJ^ + ^) f/dLP.f/iz. M, (55) 

AT" = !^ M„ - f ^ + ^) U^Lmi^ (56) 
One can also construct more involved MFV models of the BGL type: 

= Mrf - f ^ + ^) UuLPrUi^ Md (57) 

Vl \Vi V2/ 

iVO = ^ Mu-(- + -) UulPjUIl (58) 
t^i Vfi V2J 

with i ^ j. In all cases the F and A matrices obey relations of the same type as those 
written in Eqs ( H71) and ( HHj) . However, the zero texture structure of these models is 
more involved than in the BGL case and the question of assuring its loop stability, 
through the introduction of symmetries, is not obvious [24] . 



5 Models with Three Higgs Doublets 

Let us now consider the case of three Higgs doublets in the context of MFV, where 
the analogous to Eq. ([6]) includes the Yukawa terms of the third Higgs doublet. 

After spontaneous symmetry breakdown the Higgs doublets can be decomposed 



as: 



^[vj + pj + irij) 



J = 1,2,3 



(59) 



with real scalar fields pj, r]j. The following transformation: 
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(60) 



with the matrix O given by: 



O 



Vl 

V 
V2 
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v" 



V2 
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v' 
V2 
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V3_ 
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-(vl+vl)/v3 
v" 



(61) 



vl + vl + 



'vl + vlf/vl The 



where v = yvf + f 2 + v^, v' = yfi + fl and v" = 
orthogonal matrix O singles out and the neutral pseudo-Goldstone boson G. 
has couplings to the quarks which are proportional to the mass matrices. In 



general, flavour changing neutral currents arise from the couplings to the remaining 
four neutral Higgs fields. The diagonalization of the quark mass matrices gives rise 
to the following neutral Higgs interactions of the physical quarks: 



Lyineutal) = (dLDd dn + ulDuUr] - 



- 1 1 

- dL— Nd{R + iI)dR - ul—Nu{R - iI)uR - 

vi vf 

- dL^, K{R' + ^I')dR - ul\ Mi{B! - iI')uR + h.c. 

V V 



with 



For definiteness, let us consider Af^ and J\fL which can be written: 



V2 



D. 



Vl 



V2 [V2 , Vl 

d 7k\ ^ 

Ul,e-^T, UdR 



Ul^e'^'-r^ UdR 



^2 V3 rr\ ^^a3 



Vl 



V2 



Imposing the following symmetry on the Lagrangian: 



4. 



d% 



(62) 



^fd = 




{v^e'^^^Ti-vie'^^'^T^) UdR, 


(63) 


K = 




(^2e-^"^Ai-^;ie-^"^A2) U^r, 


(64) 


K - 




{vie^^'Vi + T;2e^"^r2 + xe^^'V^) UdR, 


(65) 


K - 




(^;ie-*"i Ai + ^;2e-*"^A2 + xe'^^^ A3) U^r 


(66) 
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with u = expiir/A, restricts the Yukawa coupling matrices to have the following 
structure: 
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(70) 
(71) 



where x denotes an arbitrary entry while the zeros are imposed by the above sym- 
metry. 

It can be readily verified that in this case there are Higgs mediated FCNC only 
in the down sector, with Afd and Af'^ given by: 

= ^(D.)., - + ^) {V^KMUVcKM)2ADdh - 

- ■:^i^CKM)i3{yCKM)3j{Dd)jj (72) 

{MX = iDd)n-^-^^{V^KMhiVcKM)3jiDd)j, (73) 

In this case the couplings Ad include terms that violate fiavour proportional to 
{VcKM)i2{VcKM)2j{Dd)jj together with terms proportional to 

{^CKM)i3(ycKM)3jiDd)jj. The coupliugs Af^ only include terms that violate fiavour 
proportional to (yQf^j^^)i3{VcKM)3j{Dd)jj. It is clear that all Higgs mediated neutral 
couplings are only function of Vckm and terefore the symmetry of Eq. (l69l) leads to 
a MFV structure in the context of a three Higgs-doublet model. From a phenomeno- 
logical point of view, there is an important difference between the scalar FCNC in 
this MFV three Higgs doublet model and those encountered in the MFV two Higgs 
doublet model considered in the previous chapters. In the case of two Higgs doublet 
models, there is one variant of the BGL models where the tree level Higgs mediated 
AS" = 2 amplitude is naturally suppressed by terms proportional to (V^^Vts)^. This 
very strong suppression opens the possibility of having neutral Higgs relatively light 
of order 10^ Gev, without entering in conflict with the size of the Kl — Kg mass 
difference or the strength of CP violation in the kaon sector. In the case of the MFV 
three Higgs doublet model A/^ includes FCNC terms where the suppression factor in 
AS* = 2 transitions is only (y*^Vcsy, which then requires quite heavy neutral Higgs, 
with mass of order Tev. 



6 Conclusions 

We have analysed how to extend the MFV concept to general multi-Higgs models 
without NFC in the Higgs sector. We have studied in special detail the case of two 
Higgs doublet models, analysing the requirements which have to be satisfled in order 
that the neutral Higgs couphngs to quarks be only functions of Vckm, with no other 
flavour dependent parameters. The Branco-Grimus-Lavoura (BGL) models proposed 
some time ago are an example where the MFV constraints are satisfled as the result 
of a symmetry of the Lagrangian. We have proposed a general MFV expansion of the 
neutral Higgs couplings to quarks and have shown that the BGL models correspond 
to speciflc values of the coefficients of the proposed MFV expansion and, in addition, 
we have shown that the values of these coefficients are fixed by the symmetry. 

Multi-Higgs models with Higgs mediated FCNC have a rich phenomenology and 
some of its aspects have been recently analysed in the literature [25]. A detailed 



phenomenological analysis of multi-Higgs MFV models without NFC, is beyond the 
scope of this paper and will be left to a separate work [26] 
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